X-ray diffraction investigation of high-temperature SAW-sensor based on LGS crystal  by Sakharov, S. et al.
Procedia Engineering 25 (2011) 1020 – 1023
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.12.251
Available online at www.sciencedirect.com
Proc. Eurosensors XXV, September 4-7, 2011, Athens, Greece 
X-ray diffraction investigation of high-temperature SAW-
sensor based on LGS crystal 
S. Sakharova*, D. Roshchupkinb, E. Emelinb, D. Irzhakb, O. Buzanova, 
A. Zabelina 
aFOMOS Materials Co, Buzheninova st. 16, Moscow, 107023, Russia 
bInstitution of Russian academy of sciences Institute of microelectronics technology and high-purity materials RAS, Institutskaya st. 
6, Chernogolovka, 142432, Russia 
 
Abstract 
In present paper we report the fabrication process of a high-temperature SAW-sensor based on a langasite crystal. 
Interdigital transducers of the SAW-resonator structures were fabricated from Ir which was evaporated using 
magnetron sputtering technique. The SAW-sensors were designed with different coefficient of metallization of an 
IDT, which strongly influences on the value of the SAW velocity and resonance excitation frequency, respectively. 
The process of the SAW excitation was investigated using high-resolution X-ray diffraction technique 
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1. Introduction 
Development of acoustoelectronic sensors based on piezoelectric crystals with a high temperature of 
fusion and absence of phase transitions is important for the high-temperature process control. The crystals 
of langasite family (La3Ga5SiO14: LGS) are optimal materials for high-temperature sensor applications. 
LGS combines the best acoustic properties of LiNbO3 (high value of electromechanical coupling 
coefficient) and quartz (practically zero temperature coefficient of frequency). There are no phase 
transitions in LGS crystal before melting temperature of 1475°C. Low values of the surface and bulk 
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acoustic wave velocities in LGS crystal permit designing the miniature acoustoelectronic sensors with 
unique properties. 
For the fabrication of high-temperature acoustoelectronic sensors the selection of electrode material is 
of great importance. Usually the refractory metals, Pt and Ir, are used for the electrode fabrication. 
However the problem of the oxidation of metallic electrodes remains. 
The aim of this work is to investigate the process of the fabrication of a high-temperature sensor based 
on the surface acoustic waves (SAW). 
2. Fabrication of a high-temperature acoustoelectronic sensor based on LGS crystal 
Y-cut of an LGS crystal was used to design the SAW wireless sensor for high temperature operations. 
The crystal substrate was polished with a surface roughness of 4.1 Å and a thickness of a damaged 
nearsurface layer of 6 nm. The high-temperature sensor was based on the SAW-resonator with the SAW 
wavelength of ȁ=5.948 μm. The SAW propagates on the surface of the Y-cut of an LGS crystal along the 
X-axis. Both photolithography and e-beam lithography techniques were used to fabricate the IDT pattern 
in resist on the crystal surface. The photolithography was used to design the IDT pads, while e-beam 
lithography was used to design the IDT electrodes pattern and reflecting gratings. Two SAW-resonators 
with a metallization ratio of 50% and 33% were designed. The SAW velocity and SAW resonance 
excitation frequency are strongly dependant on the coefficient of metallization. The increase of the 
metallization ratio leads to the decreaseof the SAW velocity and the SAW resonance excitation 
frequency, respectively. The magnetron sputtering was used to fabricate an Ir-layer with a thickness of 
1000 Å on the resist surface. Other methods of Ir sputtering require the application of the high 
temperature, which leads to degradation and vitrification of the resist layer. Application of the last “lift-
off” method results in fabrication of an Ir-IDT on the crystal surface. 
Fig. 1 shows the SEM-microphotographs of the SAW-resonators with different coefficient of 
metallization of the IDT fabricated using e-beam lithography method and “lift-off” technique. Fig. 1(a) 
shows the IDT with a coefficient of metallization of 34% which is close to the required value of 33%. In 
this case the resonance excitation frequency of SAW is f=409 MHz and the SAW velocity is V=2432.732 
m/s. The increase of the coefficient of metallization up to 51 % at Fig. 1(b) leads to the decrease of the 
SAW resonance excitation frequency to f=402 MHz and SAW velocity to V=2391.096  
  
(a)       (b) 
Fig. 1. SEM microphotographs of Ir-IDTs with different coefficient of metallization designed on the Y-cut of LGS with SAW 
wavelength of ȁ=5.948 μm: (a) coefficient of metallization 34%, f=409 MHz, V=2432.732 m/s; (b) coefficient of metallization 
51%, f=402 MHz, V=2391.096 m/s. 
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Fig. 2. XRD spectra of the X-cut of an LGS crystal covered by Ir layer with thickness of 1000 Å: (a) annealing in air for 400 hours 
at 650°C; (b) annealing in vacuum for 20 hours at 950°C. X-ray wavelength Ȝ ǖ 
m/s, respectively. Thereby, the changing of the coefficient of metallization of an IDT permits changing 
the resonance excitation frequency of the SAW and SAW velocity. 
Since the LGS crystal has no phase transitions before melting temperature at 1475°C, the behavior of 
the Ir-structure of an IDT is very important for the operation of the SAW-sensor. It is known that at high 
temperature annealing in air the surface of the refractory metals (Ir, Pt, W) is oxidized. For the 
investigation of the oxidation process, the Ir layer with a thickness of 1000 Å was sputtered on the surface 
of the X-cut of an LGS crystal. Fig. 2 presents the X-ray diffraction spectra of the X-cut of an LGS crystal 
covered by an Ir layer. X-ray spectra show the diffraction peaks corresponding to the X-cut of an LGS 
crystal (reflections (110), (220), and (330)). Also X-ray diffraction spectra demonstrate the diffraction 
peaks of Ir (reflections (110), (311), and (222)) corresponding to polycrystalline structure of an Ir film. 
Annealing of the X-cut of an LGS crystal with an Ir film in air for 400 hours at 650°C results in 
appearance of the thin dense bed of IrO2 on the surface of an Ir layer [1]. Oxidation of an Ir layer excites 
the diffraction peak of IrO2(110) on the X-ray diffraction spectrum (Fig. 2(a)). For removing of oxide 
film of IrO2, the annealing of the X-cut of an LGS crystal with an Ir film in vacuum for 20 hours at 950°C 
was carried out. In these conditions the IrO2 film is evaporated from the surface of an Ir layer (Fig. 2(c)).  
Thus, the general problem of the high-temperature SAW sensors based on LGS crystal is due to the 
behavior of the metallization of an IDT at high-temperature. 
3. Analysis of the SAW excitation in SAW-resonator using high-resolution X-ray diffraction 
High-resolution X-ray diffraction in the triple-axis X-ray diffractometer scheme was used for 
investigation of the surface acoustic wave excitation in SAW-resonator [2-3]. The SAW propagation in 
the crystal leads to sinusoidal modulation of a crystal lattice, which acts as an X-ray diffraction grating. 
X-ray diffraction on acoustically modulated atomic plane causes diffraction satellites on both sides of the 
Bragg peak on a rocking curve. The intensities and number of diffraction satellites are determined by the 
SAW amplitude. Increasing of the SAW amplitude strongly increase the number of the diffraction 
satellites. The angular divergence between adjacent satellites on the rocking curve is determined as 
įĬ=d/ȁ, where d is the interplanar spacing, ȁ is the SAW wavelength. 
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Fig. 3. Rocking curves of the Y-cut of an LGS crystal modulated by SAW with wavelength of /=5.948 Pm at different SAW 
amplitudes (h): (a) h=1.2 Å; (b) h=2.4 Å. X-ray wavelength Ȝ Å, reflection (200), Bragg angle ĬB  coefficient of 
metallization 34%, f=409 MHz, V=2432.732 m/s. 
Fig. 3 shows the rocking curves of the Y-cut of an LGS crystal modulated by the SAW with the 
ZDYHOHQJWKRIȁ=5.948 μm (resonance excitation frequency f=409 MHz, velocity V=2432.732 m/s). It is 
seen that the SAW excitation in the SAW-resonator leads to appearance of the diffraction satellites on the 
rocking curve. The number of the visible diffraction satellites growth with increasing of the SAW 
amplitude h. The maxima of the intensity of the first diffraction satellites can be reach 36% of the 
intensity of the Bragg peak without SAW excitation. 
4. Conclusion 
Present investigations show the possibility of the fabrication of the high-temperature acoustoelectronic 
sensors based on LGS crystal. It is shown that the key problem of a high-temperature SAW sensor is due 
to the oxidation of the Ir-structure of an IDT at high-temperature. 
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